Frigoribacterium endophyticum sp. nov., an endophytic actinobacterium isolated from the root of Anabasis elatior (C. A. Mey.) Schischk , was isolated from the surfacesterilized root of a halophyte Anabasis elatior (C. A. Mey.) Schischk collected from Urumqi, Xinjiang province, north-west China, and characterized using a polyphasic approach. Cells were Gram-stain-positive, non-motile, short rods and produced white colonies. Growth occurred at 10-45 6C (optimum 25-30 6C), at pH 5-10 (optimum pH 8) and in presence of 0-4 % (w/v) NaCl (optimum 0-3 %). The predominant menaquinone was MK-9. The diagnostic phospholipids were diphosphatidylglycerol and phosphatidylglycerol. The major fatty acids were anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 . The DNA G+C content of strain EGI 6500707 T was 69.1 mol%. The genus Frigoribacterium was first proposed by Kämpfer et al. (2000) based on phylogenetic analysis of 16S rRNA gene sequences, the predominant menaquinone (MK-9), the major phospholipids profile (diphosphatidylglycerol and phosphatidylglycerol) and the diagnostic diamino acid (lysine). At the time of writing, the genus is represented by two species with validly published names: Frigoribacterium faeni, isolated from airborne hay dust and air inside a museum (Kämpfer et al., 2000) and Frigoribacterium mesophilum, isolated from a soil sample in Korea (Dastager et al., 2008) . During the course of a study on the microbial diversity of halophytes in Xinjiang province, a white bacterium, designated EGI 6500707 T , was isolated from the root of a healthy halophyte Anabasis elatior (C. A. Mey.) Schischk, collected from the city of Urumqi, Xinjiang province. The healthy plant samples of A. elatior (C. A. Mey.) Schischk were washed in running tap water to remove adhered epiphytes and were surface-sterilized according to 3These authors contributed equally to this work.
T was 47.2 %. On the basis of phenotypic and chemotaxonomic characteristics, phylogenetic analysis and DNA-DNA relatedness data, strain EGI 6500707 T represents a novel species of the genus Frigoribacterium, for which the name Frigoribacterium endophyticum sp. nov. is proposed. The type strain is EGI 6500707 T (5JCM 30093
The genus Frigoribacterium was first proposed by Kämpfer et al. (2000) based on phylogenetic analysis of 16S rRNA gene sequences, the predominant menaquinone (MK-9), the major phospholipids profile (diphosphatidylglycerol and phosphatidylglycerol) and the diagnostic diamino acid (lysine). At the time of writing, the genus is represented by two species with validly published names: Frigoribacterium faeni, isolated from airborne hay dust and air inside a museum (Kämpfer et al., 2000) and Frigoribacterium mesophilum, isolated from a soil sample in Korea (Dastager et al., 2008) . During the course of a study on the microbial diversity of halophytes in Xinjiang province, a white bacterium, designated EGI 6500707 the five-step sterilization procedure (Qin et al., 2008) . Surface-sterilized roots were aseptically crumbled into smaller fragments using a commercial Joyoung blender (Qin et al., 2009) , and were spread onto ISP 5 medium (Shirling & Gottlieb, 1966) amended with 3 % NaCl, and incubated at 30 u C for 2-6 weeks. The purified strain was maintained on yeast extract-malt extract agar (ISP 2) (Shirling & Gottlieb, 1966) slants at 4 u C and as 20 % (v/v) glycerol suspensions at 280 u C.
The morphological, physiological and biochemical characteristics of strain EGI 6500707 T were investigated by using cells grown on ISP 2 medium. Gram staining was carried out by using the bioMérieux Gram stain kit according to the manufacturer's instructions. Cell morphology was observed using a light microscope (BH-2; Olympus) and a transmission electron microscope (JEM-2100; JEOL). Colony colour was determined by using colour chips from the ISCC-NBS colour charts standard (Kelly, 1964 ). Cell motility was tested by using the hanging-drop technique (Skerman, 1967) . Growth at different temperatures (5-60 u C in 5 u C intervals) was tested on ISP2 solid medium incubated for 14 days. Tolerance to NaCl was tested on solid ISP2 medium supplemented with different NaCl concentrations (0-10 %, w/v, at intervals of 1 %) at 30 u C. The optimum pH for growth was tested in ISP 2 liquid medium at 30 u C and pH 4-12 (at intervals of 1.0 pH unit) using the buffer system described by Xu et al. (2005) . Nutritional features were determined using Biolog GN III MicroPlates according to the manufacturer's instructions with reactions observed after incubating the plates at 28 u C for 12-48 h. Oxidase activity was tested by using the oxidase reagent (bioMérieux) and catalase activity was determined by production of bubbles after the addition of a drop of 3 % H 2 O 2 . Hydrolysis of starch, casein and Tweens 20, 40, 60 and 80, H 2 S production and the methyl red test were carried out by using the media and methods of Gonzalez et al. (1978) . Enzyme activity, acid production and other phenotypic tests were examined using the API ZYM, API 50CH (with CHB/E medium) and API 20NE strips (bioMérieux) according to the instructions of the manufacturer.
Strain EGI 6500707
T formed visible colonies (about 1 mm in diameter) on ISP 2 solid medium incubated at 30 u C for 48 h. Colonies were white, slightly convex, semitranslucent, smooth and circular with entire edges on solid ISP 2 medium. Growth occurred at pH 5.0-10.0 (optimum pH 8.0), in 0-4 % (w/v) NaCl (optimum 0-3 %) and at 10-45 u C (optimum 25-30 u C). Strain EGI 6500707
T could be differentiated from F. faeni JCM 11265
T by the temperature range for growth and the colour of colonies (5-30 u C; yellow). Cells of strain EGI 6500707
T were Gram-stain-positive, non-spore-forming, non-motile, short rods (Fig. S1 , available in the online Supplementary Material). Strain EGI 6500707
T was positive for catalase activity and hydrolysis of Tween 20, but negative for hydrolysis of starch, casein and Tweens 40, 60 and 80, oxidase activity, H 2 S production and methyl red test. Detailed physiological and biochemical characteristics of strain EGI 6500707 T are summarized in Table 1 and in the species description.
Quantitative analysis of fatty acids was performed by using cells cultured on TSA (TSA; Difco) medium at 30 u C for 5 days. Cellular fatty acids analysis was carried out as described by Sasser (1990) according to the standard protocol of the MIDI/Hewlett Packard Microbial Identification System (Sherlock Version 6.1; MIDI database: TSBA6). Biomass for analysis of menaquinones, cell wall and polar lipids and DNA extraction was obtained after growth on ISP 2 medium at 30 u C for 5 days. A purified cell-wall preparation was obtained and hydrolysed as described by Kim & Lee (2011) . Amino acids in cell-wall hydrolysates were analysed by using precolumn derivatization with o-phthalaldehyde (OPA) using HPLC as described by Tang et al. (2009) . Menaquinones were extracted and analysed by HPLC as described previously (Collins et al., 1977; Kroppenstedt, 1982) . Polar lipids were extracted and identified by two-dimensional TLC following the method of Minnikin et al. (1984) . For identification of the mycolic acids present in the cell wall, one-dimensional TLC was carried out following the standard procedure by Minnikin et al. (1975) .
The predominant menaquinone of strain EGI 6500707 T was MK-9 (79.1 %), with MK-10 (19.1 %) present in minor amounts. MK-9 has been reported as the predominant menaquinone in the genus Frigoribacterium (Kämpfer et al., 2000; Dastager et al., 2008) . The major cellular fatty acids of strain EGI 6500707 T (.10 %) were anteiso-C 15 : 0 (36.1 %), anteiso-C 17 : 0 (32.6 %), iso-C 16 : 0 (11.2 %) and summed feature 4 (iso-C 17 : 1 and/or anteiso-C 17 : 1 ; 12.8 %). The fatty acid profile of strain EGI 6500707 T was significantly different from that of F. faeni JCM 11265 T (Table S1 ). Mycolic acid was absent in strain EGI 6500707 T and the amino acids found in the peptidoglycan layer were glutamic acid, glycine, alanine, homoserine and lysine. In comparison to the polar lipid composition of F. faeni JCM 11265
T , strain EGI 6500707 T displayed a similar polar lipids profile, including diphosphatidylglycerol, phosphatidylglycerol and three unknown glycolipids (Fig. S2 ).
Genomic DNA was extracted as described by Marmur (1961) . The 16S rRNA gene was amplified by PCR using two universal primers (27f, 59-AGAGTTTGATCCTGGC-TCAG-39; 1492r, 59-GGTTACCTTGTTACGACTT-39) (Lane, 1991) . PCR products were gel-purified using Gel Extraction kit D2500-01 (Omega Bio-tek), cloned using pGEM-T Easy vector system (Promega) and sequenced at Sangon Biotech (Shanghai) Co. (http://www.sangon.com). The nearly complete sequence of the 16S rRNA gene was compiled with SeqMan software (DNASTAR Inc.). Identification of phylogenetic neighbours and calculation of pairwise sequence similarities were achieved by using the EzTaxon server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple alignments were carried out using CLUSTAL X 1.83 software (Thompson et al., 1997) . Gaps at the 59and 39 ends of the alignment were omitted from further analyses. Phylogenetic trees were inferred by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) (Felsenstein, 1985) . Evolutionary distances were computed according to the algorithm of Kimura's two-parameter model (Kimura, 1983) . The DNA base composition of strain EGI 6500707 T was determined by HPLC analysis and calculated from the ratio of deoxyguanosine (dG) and thymidine (dT) according to the method of Mesbah et al. (1989) . DNA-DNA hybridization tests were carried out by the fluorometric micro-well method (Ezaki et al., 1989; Christensen et al., 2000; He et al., 2005) under optimal hybridization conditions. Frigoribacterium endophyticum sp. nov.
The almost-complete 16S rRNA gene sequence of strain EGI 6500707 T (1523 bp) was used for phylogenetic analysis. It was evident that strain EGI 6500707
T formed a stable clade in the cluster comprising F. faeni JCM 11265 T and F. mesophilum MSL-08 T in the neighbour-joining (Fig. 1) , maximum-parsimony and maximum-likelihood trees (Figs S3 and S4) . Strain EGI 6500707
T shared the highest 16S rRNA gene sequence similarity of 99.1 % with F. faeni JCM 11265 T and 96.5 % with F. mesophilum MSL-08 T . Meanwhile, DNA-DNA relatedness between strain EGI 6500707 T and F. faeni JCM 11265 T was 47.2 % (Table S2) ,which was significantly below the 70 % cut-off point recommended for the delineation of genomic species (Stackebrandt & Goebel, 1994) . Based on phylogenetic analysis and DNA-DNA relatedness, it is clear that strain EGI 6500707
T represents a novel genomic species within the genus Frigoribacterium. The DNA G+C content of strain EGI 6500707 T was 69.1 mol%.
On the basis of phylogenetic analysis, and phenotypic and chemotaxonomic data, we conclude that strain EGI 6500707 T represents a novel species within the genus Frigoribacterium, for which the name Frigoribacterium endophyticum sp. nov. is proposed.
Description of Frigoribacterium endophyticum sp. nov.
Frigoribacterium endophyticum (en.do.phy9ti.cum. Gr. pref. endo within; Gr. n. phyton plant; L. fem. suff. -icum adjectival suffix used with the sense of belonging to; N.L. neut. adj. endophyticum within plant, endophytic, pertaining to the original isolation from plant tissues).
Cells are aerobic, Gram-stain-positive, non-spore-forming, non-motile, rod-shaped (0.5-0.6 mm in width and 1.4-1.7 mm in length) and produce white colonies. Growth occurs on ISP 2 medium at temperatures from 10 u C to 45 u C (optimum 25-30 u C). The pH range for growth is pH 5-10 (optimum pH 8). Growth occurs in the presence of up to 4 % NaCl (optimum 0-3 %). Positive for catalase activity and hydrolysis of Tween 20, but negative for oxidase activity, production of H 2 S, methyl red test and hydrolysis of starch, casein and Tweens 40, 60 and 80. According to the Biolog GN III MicroPlates assay, gentiobiose, D-gluconic acid, a-D-glucose, maltose, D-mannose, myo-inositol and turanose are utilized as sole sources of carbon and energy, but acetic acid, T in relation to recognized species of the genus Frigoribacterium. Numbers at nodes are bootstrap values (.50 %) based on 1000 resamplings. Asterisks indicate the corresponding nodes that were also recovered in the tree generated with the maximum-parsimony algorithm; the maximum-likelihood method generated the same tree topology as the neighbour-joining algorithm. Bar, 0.005 changes per nucleotide position.
